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Supplementary Discussion 

Previous experimental results of magnetic field generation with laser-driven scheme 

Supplementary Table 1 summarizes previous experimental results [1–5] of magnetic 

field generation with laser-driven coil scheme conducted on kilo-Joule class laser 

facilities. Current flows in the coils were evaluated from the measured magnetic field 

strengths with resistances and inductances that were calculated for the initial coil 

geometries. 200 kA-level currents were obtained with except for Ref. [3]. In Ref.  [3], a 

plastic spacer was inserted between the capacitor-plates, a current may flow in not only 

the coil but also the spacer surface. This target design is completely different from the 

other ones.  

 

Integrated REB transport simulation 

The integrated REB transport simulation was performed by coupling two-

dimensional hybrid code  [6] and two-dimensional radiative magneto-hydrodynamics 

(MHD) code [7]. Two-dimensional radiative MHD code calculated density and magnetic 

field profiles of a compressed solid ball attached to a gold cone. The initial magnetic field 

profile is shown in Fig. 3 (b) of the main manuscript. The profiles at the maximum 

compression timing are shown in Supplementary Fig. 1 (a) and (b), respectively. The 

total energy and the wavelength of the compression laser were 1.5 kJ and 0.53 μm, 

respectively. The pulse shape was a Gaussian with 1.3 ns of FWHM.  

The REB transport simulation was performed with the profiles shown in 

Supplementary Fig. 1 (a) and (b). The REB was injected at z = 65 μm (dashed white line). 

The half divergence angle of REB was 45 degrees. Temporal shape and spatial profile of 

the injected REB were a Gaussian with 1 ps duration (FWHM) and the super Gaussian 

with 30 μm radius (FWHM), respectively. The peak intensity of REB was 7 × 1018 

W/cm2. The energy distribution of REB was f(E) ∝ 0.76 exp(-E/0.9) + 0.24 exp(-E/5) 

[8], here E is electron kinetic energy in MeV unit. This distribution was obtained by 

coupling high energy x-ray spectrometer and electron energy spectrometer. 

The multiplication factor of the REB-to-core energy coupling was calculated by 

changing initial magnetic field strength at the coil center as shown in Supplementary Fig. 

1 (c). The multiplication factor is the ratio between the couplings calculated with and 
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without application of the external magnetic field. The blue hatching indicates the range 

of the experimentally obtained multiplication factor including errors that is the ratio 

between the red point (ID 40543) and blue square (ID 40541). The calculated factor for 

above 300 T at the coil center is in the experimental range, which corresponds to 120 kA 

in the coil. This simulation result is consistent with the experimental result. The 

magnetization of relativistic electrons and magnetic mirror effect [9] account for the 

factor reduction shown in Supplementary Fig. 1 (c) with increasing applied magnetic 

field strength. 

Supplementary Methods 

Temporal change of magnetic field diffusion in a cone 

   Figure 3 of the main manuscript shows two-dimensional profile generated with a coil, 

in which 250 kA of current flows, only at the field peak timing. These profiles at three 

different timings are shown in Supplementary Fig. 2. 

   The upper, middle and lower figures were calculated with the constant electrical 

conductivities for σ = 4 × 107 S m-1, σ = 2 × 106 S m-1 and calculated with consideration 

of temporal changes in temperature and conductivity of a gold cone due to inductive 

heating, respectively. Difference of diffusion process is clearly seen. More details of the 

model and scheme for this calculation is described in Ref. [10]. 
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Supplementary Figure 1 

 
REB transport simulation for several imposed magnetic field strength.  

Enhancement of REB-to-core energy coupling was calculated with the integrated 

simulation by coupling two-dimensional radiative MHD code and two-dimensional 

hybrid code. Spatial profiles of (a) density and (b) magnetic field at the maximum 

compression timing that were calculated with two-dimensional radiative MHD simulation 

code. (c) Dependence of multiplication factor of REB-to-core energy coupling on the 

initial magnetic field strength at the coil center. 
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Supplementary Figure 2 

 
Two-dimensional profiles of the magnetic field calculated with different 

conductivities.  

Two-dimensional profiles of the magnetic field at three different timings (-1 ns, -0.5 ns, 

peak timing) are calculated with the constant conductivity (σ = 4 × 107 S m-1 for the (a, b, 

c) and σ = 2 × 106 S m-1 for the (d, e, f)) and with consideration of temporal changes in 

temperature and conductivity of gold due to inductive heating (g, h, i). 
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Supplementary Table 1 

Summary of magnetic field strength measured on kilo-Joule class laser facilities. 

Magnetic field strength with various laser energy, irradiance, pulse duration, coil shape 

and material were measured by some methods on large laser facilities. 

Current flows in the coils were evaluated from the measured magnetic field strengths 

with resistances and inductances that were calculated for the initial coil geometries. 200 

kA-level currents were obtained with except for Ref. [3].  
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